Introduction Mammalian target of rapamycin is a pathway to block apoptosis. Recent studies showed that the activity of mammalian target of rapamycin pathway increases in endometriotic lesions. Aim of the present study was to study the effect of everolimus agent, a rapamycin analog, in an experimental endometriosis model.
Introduction
Endometriosis is an estrogen-dependent chronic inflammatory disease defined by the presence of endometrial glands and stroma outside the uterine cavity, but in pelvic, peritoneal and rectovaginal septum. It can cause dysmenorrhea, chronic pelvic pain, irregular uterine bleeding and infertility [1] . Although its prevalence is not exactly known, it is thought to affect about 176 million women of reproductive age worldwide [2] . The average annual total cost per woman was € 9579 and the annual societal burden of endometriosis-associated symptoms can be extrapolated to € 49.6 billion in the USA [3] .
Because of the nature of endometriosis as an estrogen-dependent disease, the basic aim of modern hormonal treatments is to establish a postmenopausal environment. Gonadotropin hormone analogs, androgens, aromatase inhibitors and danazol are used for short-term treatments, while oral contraceptives and progestins are used for long-term suppression of the condition [4] . Vascular endothelial growth factor (VEGF) family is one of the major elements of angiogenesis process that plays a significant role in the development of endometriotic foci. It has been shown that VEGF inhibitors could be effective in the treatment of endometriosis [5] .
Despite the lack of a theory that can fully explain the development of endometriosis yet, recent evidence points to the impairments of angiogenesis and apoptosis processes [6] . Although the abnormal expressions of apoptosis-related major protein Fas, Fas ligand, BCL2 and Baxin endometriosis patients have been shown to decrease programmed deaths of endometrial cells outside the uterine cavity, it is not exactly understood why the apoptosis process is suppressed [7] . Mammalian target of rapamycin (mTOR) pathway regulates the function of many proteins involved in proliferation and apoptosis via the mTOR/AKT pathway [8] . Eutopic endometrium tissue of women with endometriosis fundamentally differs from that of women without the condition. These differences include proliferation, adhesion molecules, immune components, steroids, cytokine productions, gene expression and protein synthesis [9, 10] .
Mammalian target of rapamycin pathway was observed to be more active in endometriotic foci than in healthy endometrium tissue. Therefore, it has been suggested that mTOR inhibition in endometriosis foci could improve apoptosis process and be effective in the treatment of endometriosis [10] . Everolimus is a rapamycin analogue that selectively inhibits mTOR [11] . The aim of the present study was to investigate the effect of everolimus on an experimental endometriosis model in rats.
Materials and Methods
The study was carried out according to the guidelines of Cumhuriyet University for the Care and use of Laboratory Animals and approved by the Animal Research Ethics Committee of Cumhuriyet University (approval ID: 394). Adult female Wistar-Albino rats (220-240 g) (obtained from Animal Reproduction Centre of Cumhuriyet University [Sivas, Turkey]) were used in the present study.
Rats were fed on standard feed and water, maintained at a 22°C controlled environment under 12 : 12 hours light/dark cycles. Maximum effort was exerted to minimize the number of animals used and to decrease their suffering. The rats were weighed before and after the experiment, and no difference was found for mean weights of rats before and after the experiment.
Twenty eight rats were used in this study in order to induce endometriosis. Twenty four of them had endometriotic implants. One of them died due to the complications of anesthesia, one of them had peritoneal infection, and two of them had no endometriotic implants. These rats were excluded. Post hoc power analysis revealed that at least 80 % of power was obtained.
Induction of endometriosis
Endometriosis was induced by uterine tissue autotransplantation into the peritoneal cavity using laparotomy method as described by Vernon and Wilson [12] . Ketamine (60 mg/kg) (Ketalar 1; Eczacibasi Warner-Lambert, Istanbul, Turkey) and xylazine (7 mg/kg) (Rompun 1, Bayer, Istanbul, Turkey) were administered intraperitoneally for aseptic conditions. The left uterine horn was excised, immediately immersed in physiological serum, opened longitudinally and a 5 mm by 5 mm piece was prepared. This endometrial tissue was placed to the anterior right abdominal wall via suturing near to a vascular area without removing the myometrium. Then the abdominal incision was closed. No other medication was administered and rats were observed for 21 days.
Evaluation of the endometriotic tissue
The rats were subjected to a second laparotomy to evaluate the presence of endometriosis. Twenty-four rats which had evident endometriotic implants were randomly divided into three experimental groups, i.e. everolimus (1.5 mg/kg/day, p. o.), anastrozole (0.004 mg/day, p. o.) or normal saline treatments (0.1 ml, i. p.) for 14 days.
Collection of tissue samples
A third laparotomy was carried out to obtain endometriotic tissue samples and ovaries 21 days after the second laparotomy. After the procedure, the rats were sacrificed under pentobarbital sodium anesthesia. All surgical procedures were performed by the same author (Ç. Y.).
Histopathological examinations
Endometriotic implants and ovaries were stored in 10 % formalin solution. Histological examinations were performed using hematoxylin and eosin (H & E) staining. For immunohistochemical (IHC) examinations, primary antibodies used were VEGF, CD117, and Bax. The same author who was blinded for the study drugs (H. O.) evaluated all histological and IHC examinations.
Histological examination of endometriotic implants
After H & E staining, semiquantitative histological classification of endometriosis was carried out according to Keenan et al. [13] . This classification was based on the preservation of the epithelial layer of the endometrium: well-preserved epithelial layer = score 3, moderately preserved epithelium with leukocyte infiltra-tion = score 2, poorly-preserved epithelium (only some epithelial cells) = score 1, no epithelium = score 0.
Immunohistochemical examination of endometriotic implants
Endometriotic implants were immunohistochemically stained using BenchMark XT (Ventana Medical Systems, Roche) system. The primary antibodies against VEGF (Ab-4, Clone BFD31, Lab Vision, USA), CD117 (K69, Lab Vision, USA), and Bax (Ab-2, Clone 5B7, LabVision, USA) were used. VEGF staining was evaluated according to Donnez et al. [14] . VEGF histological scores (H) were calculated using formula H = ΣPi, where H is the intensity ranging between 0 (negative cells) and 3 (intensely stained cells), and P is the percentage of stained cells for each given i, with p-values of 1 (< 15 %), 2 (15-50 %), 3 (50-85 %), 4 (> 85 %) and 5 (staining 100 % positive). CD117 and Bax was analyzed using an immunoreactive score (IRS) calculated by multiplication of the intensity (0-3) by the percentage of stained cells (0-4) [15] . Staining was scored for statistical analysis as follows: 0 points = negative, 1-4 points = weak, and 6, 8, 9 or 12 points = strong.
Histological examination of ovaries
Both ovaries of rats were excised and fixed in 10 % formalin, dehydrated with different ethanol solutions, cleared in xylene and embedded in paraffin. Six mm thick ovarian sections were taken and stained with H & E. Five sections were taken from each ovary with a distance of at least 120 mm from each other to avoid counting the same follicles twice, and primordial, primary, secondary and antral follicles were determined in these sections.
Statistical analyses
All data were subjected to analysis of variance using SPSS version 20.0 for Windows (SPSS, Chicago, IL, USA). Tukey Post Hoc test was employed to determine the differences between groups for endometriosis score, ovarian follicle number, and staining scores of VEGF, CD117 and Bax. Results are shown as mean ± standard error. P < 0.05 was considered significant.
Results

Development of endometriosis, histological and immunohistochemical staining
Experimental procedures were applied to rats in all groups without any evident side effects of drugs. Mean weights of rats were similar before and after the experiment. When the abdomens were examined via the second surgical procedure, it was observed that endometriotic implants developed vascularization, and cystic appearance was satisfactory. Histological evaluation confirmed the development of endometriotic tissues. Representative images of histological and immunohistochemical stainings (VEGF, CD117, Bax) of endometriotic lesions after normal saline, anastrozole and everolimus administering are given in ▶ Figs. 1 and 2 , respectively. 
Endometriosis score and ovarian follicle number
The anastrozole and everolimus treatments significantly lowered the endometriosis scores compared to the normal saline administration (p < 0.05) (▶ Fig. 3 ). There was no significant difference between the anastrozole and everolimus groups regarding the endometriosis score (p = 0.459) (▶ Fig. 3 ). Significant decreases were observed in the ovarian follicle number in the anastrozole group compared to the saline group (p < 0.05) (▶ Fig. 3) . The ovarian follicle number in the everolimus group was significantly higher than in the saline group (p < 0.001) (▶ Fig. 3 ).
Immunohistochemical staining score
The anastrozole and everolimus treatments significantly lowered the VEGF staging score compared to the normal saline administration (p < 0.05) (▶ Fig. 4 ), and no difference was found between the two study drugs (p > 0.05) (▶ Fig. 4 ).The CD117 staging scores (cell proliferation in endometriotic tissues) were significantly lower in the anastrozole and everolimus groups compared to that of the saline group (p < 0.001) (▶ Fig. 4) ; however, no significant difference was found between the two drug groups (p = 0.632) (▶ Fig. 4 ). The Bax staging score was significantly low-er in the anastrozole treatment group compared to the saline and everolimus groups (p < 0.05) (▶ Fig. 4 ). On the other hand, the everolimus and saline groups had similar Bax scores (p = 0.984) (▶ Fig. 4 ).
Discussion
Histological examination of endometriosis foci in an experimental rat endometriosis model revealed that the use of anastrozole and everolimus significantly lowered endometriosis development and suppressed the foci. Endometriosis scores in the anastrozole group were significantly lower than in the saline group, but did not differ from the everolimus treatment group. Immunostaining experiments using VEGF and CD117 showed that anastrozole and everolimus had similar effects on angiogenesis and cell division. Anastrozole treatment significantly lowered the apoptosis efficiency evaluated by Bax immunostaining compared to the saline group. Everolimus treatment led to only a slight, but not significant, decrease in apoptosis efficiency compared to the saline group. Histological examination of ovarian follicles showed that anastrozole significantly lowered the ovarian follicle number whereas everolimus increased this number and this can be interpreted as a paradoxical finding. Although the increase of the ovarian follicle number implied that everolimus might not affect ovarian reserve, further studies are required in order to find the mechanism of ovarian follicle increase by everolimus. Since current treatments of endometriosis are mainly performed with hormonal drugs which can lead to a decrease in ovarian follicles [16] , there is a need for new drugs with less effect on the ovarian follicles. Within this perspective, everolimus deserves to be examined more closely in the search for a new endometriosis drug.
Anastrozole is a third generation non-steroidal aromatase inhibitor. It decreases cell proliferation through inhibiting the transformation of androgens to estrogen in peripheral tissue [17] . Hormone suppression treatment has been shown to increase the apoptotic process in endometriotic foci. Anastrozole treatment was reported to decrease cell proliferation and to increase apoptosis [18] . There are other studies reporting that anastrozole did not increase apoptosis but decreased cell proliferation [19, 20] . Similarly, we found that anastrozole did not enhance apoptosis but suppressed cell proliferation.
A common feature of modern endometriosis treatments is the suppression of ovarian hormonal functions in addition to lowering the peripheral estrogen production and efficiency [21] . Because of the side effects resulting from lowered estrogen levels, endometriosis treatment approaches aim to decrease side effects in the reproductive system originating from hormonal treatment using different agents such as dinitrosyl iron complexes [22] , kisspeptin antagonists [23] , statins [24] , protease-activated receptor 2 antagonists [25] and antioxidants [26] . Although endometriosis is not a malign disease, angiogenesis, migration and apoptosis mechanisms are modified in endometriotic tissue [6, 27] .
In the present preclinical study, we observed that everolimus, a rapamycin analogue which is an inhibitor of the mTOR pathway that plays a role in apoptosis and cell proliferation and has been shown effective in recent cancer treatment studies, had similar efficiency to that of anastrozole, an aromatase inhibitor, on endometriosis foci [28, 29] . Studies investigating the effect of mTOR pathway on endometriosis pathogenesis showed elevated efficiency of mTOR which inhibited apoptosis in endometriotic foci and suggested mTOR inhibition as a potential endometriosis treatment. Nevertheless, there are not enough studies for such an approach yet [30, 31] .
Leconte et al. [10] showed that inhibition of mTOR-AKT pathway using temsirolimus resulted in suppression of deep endometriosis foci in both in vitro and in vivo conditions. They found that temsirolimus use (3 mg/kg in 100 µL PBS, 5 days per week for 2 weeks) led to significant decreases in endometriosis foci. In addition to lowering the apoptosis in endometriotic foci, the investigators revealed that the mTOR-AKT pathway also lowered oxidative stress and concluded that it could be effective in treatment of women with endometriosis. Studying the effect of progesterone and progestin on the mechanism developing apoptosis in endometriotic foci, Choi et al. [32] reported that a progestin, dienogest, elevated autophagy through inhibiting mTOR pathway, but progesterone did not have such an effect.
Promoted apoptosis process has been increasingly studied in the treatment of malign neoplasia, as in the studies showing that inhibition of mTOR pathway using rapamycin analogs is efficient in the treatment of endometrial and ovarian cancers [33, 34] . One of the mechanisms of uterine fibroids, the most common cause of benign gynecological tumoral lesions, is the telomerase activity and increased cell proliferation caused by mTOR pathway. The inhibition of the mTOR pathway by rapamycin was shown to decrease in smooth muscle cell proliferation in uterine fibroids [35] . In accordance with that study we observed that the inhibition of mTOR pathway decreased cell division.
The present study demonstrates the effect of everolimus on the inhibition of mTOR pathway as a possible treatment for endometriosis. However, it should be noted that the present study has several limitations. Firstly, side effects of everolimus treatment on normal endometrial tissue in the remaining uterine horn were not evaluated. Secondly, we did not investigate whether everolimus affected ovarian functioning through regular estrous cycle and/ or estrogen levels. And finally, we used only a standard everolimus dose and did not investigate the dose effects on endometriotic implant regression.
In the present preclinical study, everolimus was shown to lower the stage scores in the development of endometriosis, to decrease cell division and to increase apoptosis process. Anastrozole, a commonly used drug in the treatment of endometriosis, on the other hand, was shown to suppress endometriotic foci without affecting apoptosis efficiency. In accordance with the literature, we observed that anastrozole decreases ovarian reserve; however, inhibition of mTOR pathway through everolimus, a rapamycin analog, did not result in such a decrease; however, further studies to examine the nature of everolimus-induced ovarian reserve alteration need to be conducted.
